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In conducting che research rveported here, the investigators
ashered to "Principles of Labovatory Animal Care' aes catab- ] 4
1ished by ihe Hatlonal Soclety for Medicsl Mesearch. : 1
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Hacaca mulaiia were found to be ause

[ .3
arboviruses following subcutsaneous inoeul

tible ro infeciious with jioup C
tion. Infecticoz angandared

by Oriboca, Marituba, Murutucu, snd Apeu viruses were cousistent iu

time of onset, duration, and level of vicemia. The appearance of

viremias with Itaqui virus was occasionally f{nconsistent and with Caraparu
virus the appaarance of viremias was very irregular. Overt signs of
syetemic illness in monkeys infected with any of the group C viruses

used vere limited to fevers, which were detected in only a few animals.
Infect{ons with these viruses appeared to be noncontagioue for

uninoculated monkeys that were exposed by limited contact to infected
wonkeys in the viremic phase.

o obe

Cross-immunity was demonstrated by monkeys that recovered from one
vitus infection and were challenged with related heterotypic virugses.
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I.  LETRODUCTIOH

Several group { arboviruses are et{ologic agenta of fehrile lllnecseee
in humans and have baau isolated by Causey et al.! and Shope et al,®
from goncinel aniwmals and mosyulices in the raim forests of Pars, Brazil.
A spectes of mookeys native to South Americs, Cebus apella, was aselected
as eentinel host because of Lits availabtlity and Ltz suscepti-ility to
viral infectiong, end because 1f could be obiained from areas where
thege group C viruses sre neither endemic nor enzootic., The wheauns
monkey, Maceca mulatta, 18 native to areags where mo group G arboviruscs

:%
have bzan {dencificd, and {4 wmore readily avallable in the Uuited States
for expariasental puiposes. For these redsons it was desirable to
fnvestigate the sugceptibilitry of thie host to group C viruses.
11. MATERIALS AND METHODS
A. VIRUSES
Prototype atraine of Orihoca, Murutucu, Marituba, Caraparu, and :

LRSI e R |

Apeu viruses were used in these studiea. Strain AN 12752 of Itaqui
virue was used because the prototype strain AN 12797 was not available,
H Seeds were prepared from infected suckling mouse brains as 10Z suspensions
| in borate-buffered saline that contained 20% calf serum. Virus strain
numbers, passage histories, and *. .ers in guckling and young adult mice,
expressed in log,, median lethal doses (LD,)? are presented in Tahle 1.
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They were geated in primate chairs and rectal thermocouples
; 40-minute intervals.

The monkeys were allowed 2 days to adapi to their
: new environment before being inoculated with virus.

was studied at a time to avolid accidental exposure of the monkeys to
heterotypic agents.

B. MDKKEYS - ' ' o '
Monkeys, Macacs mulsatta, welghing between 5 and 8 pounds, were bled %
for pre-inoculation serum samples as soon as they were received in the
laboratory.
were attached to a device for automatic recording of temperatures at
Only one viral agent
i
§ ' C. ASSAY FOR VIREMIA
:
}

3
H
i
:
H
A blood sampie was obtsined daily from each monkey {or 7 consecutive
days after inoculatior of virus. Each 1.0-ml sample of blood was
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lmnediately dtluted 1:10 in beef beart i{nfudion broth and 0.03 ml of thisg
dilutlon was inocvlated fato 10- to lb-pram Swilss mice by the iatracerebral
(ic) route to detect the presence of infoctious vimus., The rematinder

6f cach diluted blood savple was frozen and stored at -60 C unti) Assayed
for virus titer. Because Apeu virug was not consler*ziiy lethal for 10-

to li-gram mice, suckling wice w22 capluyss as the tesc animala for
-bis agent.,

TABLE 1. TITERS OF GROUP C VIKUS SEED& 1IN MICE

!.og,, LD,, per ml of Seedd/

mouse Suckiinﬁ Mice Young Adult Mice

Viruse Strain Passages 1C2/ 1C IPC/
Oriboca AN 17 13 6.8 7.0 6.5
Itaqui AR 12752 8 7.8 7.6 6.0
Murutucu AR 974 11 1.6 7.3 6.5
Marituba AR 15 5+ 6.3 6.0 5.0
Caraparu AN 3994 12 5.8 5.9 3.6
Apeu AN B48 7 6.5 1.0 1.0

a, 107 infected suckling mouse brain.

b, Titration by intrasercbral touie.

¢. Titration by intraperitoneal route,

D. KEUTRALIZATION TESIS

Serum samples were obtained from each monkev approximately 10 and 21
days after inoculation of virus, These samples were ccmpared with pre-
inoculation serum samples for neutralization titers by the constant-serum
varying-virus technique. Serum-virus mixtures were incubated 30 minutes
at 37 C and 2 houras at 4 C, then were incculated inio mice by the intra-
peritoneal rouie, a weibod more 2ensitive in detecting neutralizing

antibodies than the intracerebral rcute. 1In assays for Apeu virus

antibodies, 1- to 4-Zay-cid suckling mice were uged; 10~ to l4-gram

mice were used in assays for antibodles agsinst the other viruses,
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Moukeye that were inoculated by the gubcutauneous route with Oriboca,
Murutucu, Marfruba, or Apeu viruses developed infectiona as indlcated
by the data presested in Table 2. Because guantitative viremilc responsas

ware uniform smeng animale Lhat received similar inocula, the titers
ware averaged.

Animals that were administered )3 x 109 mouse intracerebral Lp,, {
(MICLDy) of Oriboce virus had detectable viremfae within 24 hours;
wo viremias were observed untf{l the second day sfter fnoculaéion in
anisals chat recelved 1 x 103 MICLD,, Viremias reached a peak titer
of approximately 10° per ml of blood on the second or third postinoculation {
day. By the fifth or eixth day the viremias subgided completely.

wsa ILE A

TABLE 2. VIREMIA TITERS OF INFECTED RHEBUS MONKEYS

e T IS I

Number Log Mean Virus Titer per'ml of
Virus Dose, of Blood on Foatinoculation Day
Inoculated MICLD,, Monkeys 1 z 3 4 5 6 7
Oriboca 1 x 106 4 3.2 5.9 s.1 3.1 o o o
1 x 103 4 0 5. 6.0 3.6 Teb/ 0 o0 ;
Murutucu 2 x 10% 5 2.9 5.0 5.2 3.7 Tr 0 O :
2 x 103 3 0 4.7 60 5.4 3.2 0 0 :
i . - Y {
: Marituba 6 x 103 3 3.6 5.0 5.5 Tr 0 0 0 :
: : 6 x 103 3 3.0 56 6.1 3.0 7T 0 D i
i Apeu 5 x 106 3 3.3 43 51 32 0 0 0 |
s 5 x 103 3 r 4.3 690 33 Tr O 0 '

a. 0 = no virus detectable, j ) 1
{ b. Tr = trace amounts of virus detected but titer wac not estimable. : {

TETEE S Bl

In monkeys inoculated with Murutucu, Harituba, or Apeu viruses, !
viremic patterns were similar to those observed with Qriboca virus
infections. Circulating virus was detectad through the first 5 days
of infection with maximum titers occuring on the second or third day.

A 1000-fold reduction in thke inoculated dose of Murutucu or Apeu virus

resulted in a one-dzy Jdzlay Lo the appearance of a viremia but did not

alter itr duration. A 100-fold reduction in the inoculated dose of
Marituba virus resulted in no appreciablie delay in the finitistion of the

viremia; however, the viremia persisted 1 day loager in -onkeys adainistered
the smaller doee of virus.
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The viremic patterns of empnkeys fnocculated with Carapsiu virup were
martrAte 31500, 00 Yrom those oheerved with Infectionsg of the viruses
described above., Ae seen from the data Lv Table 3, there was no
uniformity in the time of appearsace »2f viremlias. When viremias appeared
they peraiated no luuger than 2 days and ugually were ef very low

titer, One of the 6 monkeys inoculated (M b7) failed to develop sny
Jetectable virem{a during the J-day test pericd.

Monseys that were experimentally infected with Itaqui virus algo
demongtrated some varlatifon o viremic patterng. fowever, viremlas

were genetally more coneistent in appearaace snd duration than those with
Carsparu virus infections. The 2ata in Table 4 reveal that in all but
one monkey (B 7), measurable titars of Itaqui visus were circulated the
f1z8i 3 or 4 daye after incculation and frequeutly persisted 'n Lrace
smounta for at least 7 days. No significant differences in viremic
levels were noted between monkeys inoculated with differeant doses.

TABLE 3. VISEMIA TITERS OF RHEBUS MONKEYS
INOCULATED WITH CARAPARU VIRUS

Log,, Virus Titer per ml Blood on
Monkey  Virus dose, Postinorulation Day
Number MICLD,, 1 2 3 4 5 6 7
L 99 6 x 105 0/ o =/ o o o o
M 67 6 x 105 0 0 0 0 0 o 0
D 28 6 x 107 Tr 0 3.9 Tr 0 0 0
M 69 6 x 103 0 4.1 3.2 g U o o0
M 58 6 x 103 0 0 0 0 0 2.7 2.7
M 34 6 x 107 0 0 2.9 0 0 0o 0
a. 0 = no virus detectable.

b. Tr = trace smounts of virus detected but titer

was not
estimsble.
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TABLE 4. VIREMIA TITERS OF RHESUS MOWKEYS
THOCULATED WITH ITAQUI VIRUS

Togy, Virus Tilet per ml Bdood on

Honkey Virus dose, Postinocularinn pay

Humbe MICLD,, 12 3 4 5 6 7
B 7 1 x 10° b/ 02! o o e 1r 0
D 18 1 x 10° 3.0 2.9 2.8 Tr Tr Fr 0
Y n 1 x 108 3.7 2.6 25 0 0 9 o o
R 1 1 x 10° 6.1 3.1 2.5 0 Tr 0 Tr
5A93 1 x 108 2.5 3.0 Tr Tr 0 0 Tr
Y 50 1 x 103 T 4.9 4.0 4.0 Tt Tr O
3A29 1 x 103 0 0 ] 4.5 0 0 0
Y 92 1 x 10° 3.0 2.5 Tr 2.5 Tr Tr Tr
Y 84 1 x 103 3.0 3.2 2.5 Tr Tr Tr Tr

a, 0 = no virus detectable.
b. Tr = trace amounts of virus detected but titer was not
estimagble,

A1l moukeys that developed detectable viremias after inoculatiocn
with group C viruses eliciied significant levels of neutralizing
antibodies agalnst the respective infectiouu agents. Monkey M 67,
which failed to develop a viremia after inoculation with Caraparu
virus, was the only animal that had pre-existing neutralizing antibodies.
No increase of neutralization titer occurred in the serum of this
animal 20 days after inoculatiom.

In some monkeys infected with (Oriboca, Apeu, Itaqui, or Murutucu
viruses the only signs of 1llness observed were occasional, sporadic,
low-grade fevers. These fevers were usuglly limited to elevations
of mocturnal temperétures occurring between rhe second and seveath
postinoculation day. HNearly all of the fevers were of such low
magnitude that they probably would not have been aspparent if an autematic
recording apparatus had not been used. None of the monkeys inoculated
with Marituba or Caraparu viruses developed discernible fevers or other
signs of illness.
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A. CONTACY TRANSMISSIOW EXPRRYMFNTR

One or two uninocalated monkeys were seated in close proximlity and were
limited in cohiact witih each group of expearimentally infected monkey: (o
determine whether these virusea could be transmitted fruam animal to animal

by contact. KNone of the uninoculated animals developed detactable viremla,
fever, or antibndiea,

B. CROSS5-PROTECTION EXPERTHENTS

Bacause of servingical relationsghips amung these viruses reportad
by Casals and Whitman® and by Shope and Causey, ® it was of interesat to
detarmine whether monkeys that recovered from 1 ifection with one group
C virus would be refractory to infection with another. The results of
several such cross-challenges are summarized in Table 5. Monkeys that
recovered from infection with Oriboca, Marituba, Murutucu, or Caraparu
virusea possessed marked resistance to Liifection with related, heterotypic
viruses. PResilstance was rdemonstrable by the lack of, or very low levels
of, postchallenge viremia. Generally, a monkey's prechallenge serum was
able to neutralize completely the chalienge virus. In two cases where
neutralization was not complete in the prechallenge serum, increases
in neutralization indices were ubserved in sera taken 20 days after cl.allenge.

TABLE 5. RESULTS OF CHALLENGE OF RHFBUS MONKE?YS WITH GROUP C sRBOVIRUSES
AFTER RECOVERY FROM INFECTION WITH RELATED VIRUSES

Rumber
Chailzrge Previous of Characteristics of

Virus Dosed/ Infection Monkeys Postchallenge Viremias

Murutucu 2 x 10° Oriboca 2 Not detectable

Caraparu 6 x 10° Marituba 2 Not detectable

Carapazu 6 x 103 Murutucu 1 Not detectable :
Carararu 6 x 10° Murutucu 1 Trace on 6th day only :
4Lpe 5 x 10° Oriboca 1 Not detectable %
Apeu 5 x 106 Caraparu 1 Mot detectable !
Marituba 6 x 105 Oriboca 1 ‘Trace on lst day only

Marituba 6 x 105 Murutucu 1 Not detectable

Marituba 6 x 107 Murutucu 1 Trace on 6th day only

a, HICLDE inoculated by the subcutaneéous route.
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I¥.  DISCUSSION

The evidaence of virewia and specific antibody resaponse that was
demonstrated {n these experims.its shows that the simian species,
Macaca mulatte 1z eusacepcible to infection with group C erboviruses
With Oriboca, Murutucu, Marituba, and Apeu viruses the induced viremlas
ware of sufficlent uniformity in cnset, duretion, and titer to qualify
this gpecles fur experimeuial studles with thase agants,

The observed resistancss of sows rhesus monkeys to Caraparu and
Trtagul vituses couid possibly be asccounted for by (1) the lack of
virulence of these viruses for this host, or (ii) by an acquired
lmmuaity that the wunkeys developed in their natural habitat by an
experieace with a related virue. Serclogical evidence supports the
hypothesis that group C arboviruses are encootic in rhesus monkeys
indigenous to India. Scherer and Miura® reported the presence of
Orjioca virus neutralizing antibodies in one of three Indian rhesuas
woukey3 tested, and we found Caraparu virus neutralizing antibodies in
one of six monkeys tested. In another study, Borman* found pre-existing
antibodies tha* neutralized Oriboca virus in two of 12 rhesus monkeys
tested, 1In view of the potential pathogenicity of these viruses for
humans a concerted effort may be waxranted to find and identify group C
viruses in areas of India inhabited by rherus monkeys.

Although these viruges were infectious for rhesus monkeys, the
disecases appeared extremely mild in chis host and 1u many respects wore
compatable to infections described by Causey et al.! and sShope et al.?
in Cebus monkeys. In infections initiated by subcutanecus injection of
virus neurological signs or other overt signs of illness were not evident.
Minor deviations from normal diurnsl temperatures occurred in some
animals,

It was possible to demonstrate immunologic overlap in rhesus monkeys
by heterotyplc challenges. These results were compatible with those
reported by Casals.® Recovery from {niection with one group C virus
induced immunity to selected viruses of the same group. In most of the
monkeys this immuanity was demonatrable by a compiete or nearly complete
suppression of viremia by the challenge virus.

The presence of cross-neutralizing antibodies detected in the sera
of immune monkeys prior tuv challenge probably acceunted for this
prutective overlap. These results emphasize the close antigenic
relationships that exist among these viruses.

The failure of uninoculated monkeys to contract infections when placed
in close proximiry and limited contact with virewic monkeys implied either
that the viruses were not shed in the excretions of the infected animals
or that rhesus monkeys are relatively insusceptible to infectiom by the
regpiratory or cral routes,

* Borman, E.R. 1966. Unpublished results.
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13 ABSTRACTYT

Macaca mulatta were found to be susceptible to infections with group C
arboviruses following subcutaneous inczculation. 4nfections engendered hy
Oriboca, Marituba, Murutucu, and Apeu viruses were consistent in time of onset,
duration, and level of viremia. The appearance of viremias with Itaqui virus
was occagionally inconslstent and with Caragaru vivus iire appearance ot
viremias was very irregular. Overt signs of systemic illness in wmonkevs
infected with any of the group C viruses uged were limited to fevers, which werc
datected in only a few animala, Infections with these viruses appeared to be
noncontagious for uninoculated monkeys that were exposed by limited contact
to infected monkeya in the viremic phase, '

Cross-immunity was demonstrated by monkeys that recovered f{r.m one virus
infection and challenged with related heterotypic viruses.
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